The figure-of-nine leg position for anatomic anterior cruciate ligament reconstruction  by Furumatsu, T. et al.
TT
l
T
D
O
A
R
A
K
A
D
F
F
1
s
t
r
I
p
f
i
c
t
a
s
A
a
e
i
b
o
f
l
m
1Orthopaedics & Traumatology: Surgery & Research 101 (2015) 391–393
Available  online  at
ScienceDirect
www.sciencedirect.com
echnical  note
he  ﬁgure-of-nine  leg  position  for  anatomic  anterior  cruciate
igament  reconstruction
.  Furumatsu ∗, M.  Fujii  , T.  Tanaka  , S.  Miyazawa  , T.  Ozaki
epartment of Orthopaedic Surgery, Okayama University Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences, 2-5-1 Shikatacho, Kitaku,
kayama 700-8558, Japan
a  r  t  i  c  l e  i  n  f  o
rticle history:
eceived 16 August 2014
ccepted 7 December 2014
eywords:
a  b  s  t  r  a  c  t
Anatomic  double-bundle  anterior  cruciate  ligament  (ACL)  reconstruction  can  restore  the  function  and
kinematics  of  the knee  in  ACL-deﬁcient  patients.  Several  outside-in  drilling  systems  for accurate  femoral
tunnel  creations  have  been  developed.  However,  the  femoral  tunnel  creation  at  the  lower  position  of
the  intercondylar  notch  can  be difﬁcult  in  a usual  leg  position  with  the  knee ﬂexed  at  90◦ without  varusnterior cruciate ligament reconstruction
ouble-bundle reconstruction
emoral tunnel
igure-of-nine position
stress.  This  technical  note  describes  that  the  ﬁgure-of-nine  leg  position  provides  a better  arthroscopic
view  to safely  clean  up the  ACL  femoral  footprint  located  at the  lower  area  of the  lateral  intercondylar
wall.  This position  is useful  to create the  optimal  femoral  tunnels  using  the  outside-in  drilling  technique,
without  damaging  the  lateral  meniscus  posterior  root,  lateral  tibial  eminence,  and supplemental  ﬁbers
that  bridge  the gap  between  the  lateral  meniscus  and  the  ACL  tibial  insertion.. Introduction
Classic single-bundle anterior cruciate ligament (ACL) recon-
truction, which aims for an isometric placement of the femoral
unnel at a higher position in the intercondylar notch, does not
estore the complex biomechanical function of the native ACL [1].
n recent years, the real femoral attachment of the ACL has been
recisely investigated. Several authors have described that the ACL
emoral footprint is localized at a lower position in the lateral
ntercondylar wall [2,3]. Based on anatomic studies of the ACL,
urrent ACL reconstruction, which creates bone tunnels within
he ACL footprints, has been improved and widely accepted as
natomic ACL reconstruction. Anatomic double-bundle ACL recon-
truction can restore the function and kinematics of the knee in
CL-deﬁcient patients [3]. Several outside-in drilling systems for
ccurate femoral tunnel creations have been developed [4]. How-
ver, the femoral tunnel creation at the lower position of the
ntercondylar notch, especially for the posterolateral bundle, can
e difﬁcult in a usual leg posture with the knee ﬂexed at 90◦ with-
ut varus stress. Arthroscopic removal of torn scar tissue at the ACL
emoral footprint under the 90◦-ﬂexed knee may  also damage the
ateral meniscus posterior root (LMPR) and its supplemental attach-
ent ﬁbers towards the tibial eminence [5]. In addition, outside-in
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retrograde reamers may  easily damage the LMPR, supplemental
ﬁbers, and lateral tibial eminence with the knee at 90◦ of ﬂexion.
The ﬁgure-of-nine leg position is a simple technique to safely
clean up the ACL femoral footprint. This technique is useful to cre-
ate the optimal femoral tunnels, without damaging the LMPR and
lateral tibial eminence, in anatomic double-bundle ACL reconstruc-
tion.
2. Technique
2.1. Supplemental ﬁbers
The LMPR usually has supplemental attachment ﬁbers
expanded to the ACL and medial tibial eminence (Fig. 1A and
B). The supplemental ﬁbers of the LMPR signiﬁcantly contribute
to the strength of the LMPR attachment on the tibia [5]. The tibial
insertion site of the LMPR is located 4.2 mm (± 0.4) medial and
1.5 mm (± 0.7) posterior from the lateral tibial eminence apex in
cadaveric knees [6]. In recent years, the contribution of supple-
mental ﬁbers to the biomechanical properties of native meniscal
roots has been highlighted [5]. Based on these ﬁndings, the ﬁgure-
of-nine position is a useful technique to preserve the ACL-LMPR
complex in anatomic double-bundle ACL reconstruction.2.2. Surgical procedure
The patient is in a supine position. An air tourniquet is applied
to the injured leg. The thigh is supported laterally by a side plate
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hig. 1. Supplemental ﬁbers of the LMPR. A. An upper view of the fresh tibial surfac
ruciate ligament (ACL) is bent forward. Supplemental attachment ﬁbers bridge th
omplex. LMAR: lateral meniscus anterior root. Bar, 1 cm.
65 mm width, Fig. 2). The contralateral leg is ﬁxed on the table
sing bands. The band applied to the lower leg can hold a ﬁgure-of-
ine leg position (Fig. 2). An arthroscopic examination is performed
ith standard anterolateral and anteromedial portals using 30◦
rthroscope (Smith & Nephew, Andover, MA,  USA). The ruptured
CL is peeled from the lateral intercondylar wall to identify the
CL femoral footprint. The torn ACL remnant tissue, LMPR, and
upplemental ﬁbers (Fig. 3A) are easily observed using the ﬁgure-
f-nine leg position (Fig. 3B) in the standard anterolateral portal
iew (Video 1). At 90◦ of the knee ﬂexion (the knee-ﬂexed standard
eg position that holds the knee vertically using the lateral side plate
nd another foot-stabilizing plate, Fig. 2), scar tissue ablation at
he footprint using a radiofrequency device (DePuy Synthes Mitek,
aynham, MA)  from the standard anteromedial portal should be
erformed carefully [7] to preserve the LMPR and supplemental
bers (Fig. 3C and Video 2). The outside-in femoral tunnel cre-
tion is performed using an anterolateral entry femoral aimer and
cufex direction elite ACL drill guide system (Smith & Nephew)
n the ﬁgure-of-nine position with arthroscopic observation from
he standard anteromedial portal. The center of the femoral drill
ole for the anteromedial and posterolateral bundles is aimed at
ach center of the original footprint on the basis of bony landmarks,
uch as the lateral intercondylar ridge and bifurcate ridge [8]. The
emoral tunnel creation using the outside-in drilling technique [9]
ig. 2. Figure-of-nine leg position (right knee). The thigh is supported laterally by a
ide  plate (arrowheads). Note that a band applied to the contralateral lower leg can
old a ﬁgure-of-nine leg position (arrow). The foot-stabilizing plate (dotted arrows).ined from a patient who underwent total knee arthroplasty (right knee). Anterior
 between the LMPR and ACL (A and B, arrows). B. A lateral view of the ACL-LMPR
may  induce the damage of these soft tissues around the lateral tibial
eminence at 90◦ of knee-ﬂexed standard leg position (Fig. 3D). On
the other hand, a proper tibial varus torque in the ﬁgure-of-nine
position enhances the visualization of the posterolateral aspect
of the intercondylar notch in both anteromedial and anterolateral
portal views at 90◦ of knee ﬂexion (Video 3). This leg position is use-
ful to clean up the ACL femoral footprint and to create the anatomic
femoral tunnels safely without damaging the ACL-LMPR complex
(Fig. 3E and F). The ﬁgure-of-nine leg position is a superior alterna-
tive to the standard leg position without a tibial varus stress during
the outside-in femoral tunnel creation.
3. Results
Ten ACL reconstructions using the ﬁgure-of-nine leg position
were carried out. No intra-operative complications were observed.
Two cases required single-bundle ACL reconstruction because
of a short semitendinosus tendon autograft. In the remaining
eight cases, femoral tunnel positions for the anteromedial and
posterolateral bundles were assessed at anatomical positions by
three-dimensional computed tomography.
4. Discussion
The 90◦ of knee ﬂexion with knee holders or side plates is
the standard leg position; but visualization of the lateral inter-
condylar notch and outside-in femoral tunnel creation using this
position are not optimal in anatomic ACL reconstruction. The
ﬁgure-of-four leg position gives a better visualization than the
standard leg position, but there has several disadvantages. The far
anteromedial portal technique has been proposed to create the
femoral tunnel with an inside-out technique; it has a potential
risk of injuring the medial femoral condyle [10] and the supple-
mental ﬁbers beside the inside-out drilling point especially for
the posterolateral bundle. The ﬁgure-of-four position is a classic
arthroscopic position for exploration of the lateral compartment
of the knee. This position provides increased exposure to the pos-
terolateral aspect of the intercondylar notch and enhances the
visualization of the posterolateral bundle, thereby facilitating diag-
nosis of ACL injury at the femoral insertion [11,12]. However, the
ﬁgure-of-four position is not suitable for the femoral tunnel cre-
ation using the outside-in drilling technique. In the ﬁgure-of-four
leg position, the operation table interferes with guidewire inser-
tion and drilling using the outside-in drill guide. Furthermore,
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[ig. 3. Arthroscopic views of the anterior cruciate ligament (ACL)-injured knee (le
exed at 90◦ (C and D). Supplemental ﬁbers of the LMPR expanding to the ACL (ar
spect of the lateral intercondylar wall than the knee-ﬂexed standard leg position (
he ﬁgure-of-four position has a possibility of inducing a con-
amination during the femoral tunnel creation from below the
able. The ﬁgure-of-nine leg position at 90◦ of knee ﬂexion is
ore useful for the visualization of the femoral footprint, the
reservation of the ACL-LMPR complex, and the outside-in femoral
unnel creation during anatomic double-bundle ACL reconstruc-
ion than the knee-ﬂexed (varus torque-free) standard position
nd the ﬁgure-of-four position. Although the ﬁgure-of-four leg
osition can provide a similar arthroscopic view with the ﬁgure-
f-nine position, the outside-in drilling and tunnel creation using
he ﬁgure-of-four position are more difﬁcult than those using the
gure-of-nine position. Furthermore, using the ﬁgure-of-nine leg
osition, both scar tissue ablation and bone tunnel creation can
e performed in the same leg position without changing the leg
rom the standard knee-ﬂexed position to the ﬁgure-of-four posi-
ion. Disadvantage using the ﬁgure-of-nine position is that an
dditional band applied to the contralateral leg is required for hold-
ng the leg position. Excessive varus stress by pushing the knee
aterally should be avoided to keep the ﬁgure-of-nine position.
xcessive stress can change the positions of side plate, band, and the
eg.
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[
[e). The ﬁgure-of-nine leg position (A, B, E, and F). The standard leg position, knee
 Note that the ﬁgure-of-nine position provides a better view of the posterolateral
Anterolateral portal views (A, C, and E). Anteromedial portal views (D and F).
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